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SUEiJECT N a t u r a l  environment c r i t e r i a  f o r  t h e  High Energy Astronomy 
Observa tory  
This  document provides  an approved s e t  of n a t u r a l  environment c r i t e r i a  
f o r  u s e  in  s t u d i e s  r e l a t e d  t o  t h e  NASA High Energy Astronomy Observa tory  
Pr  og r am.  
Con t rac tua l  work begun b e f o r e  t h e  d i s t r i b u t i o n  of t h i s  document should  
n o t  be  a l t e r e d  on t h e  b a s i s  of r e v i s e d  d a t a  con ta ined  h e r e i n  (or  i n  t h e  
suppor t ing  documents) w i thou t  p r i o r  approva l  of t h e  r e s p o n s i b l e  NASA 
c o n t r a c t i n g  o f f i c e r ' s  r e p r e s e n t a t i v e .  I f  t h e  d a t a  i n  t h i s  document and 
t h e  re ferenced  suppor t ing  documents a r e  n o t  of s u f f i c i e n t  d e t a i l  f o r  
a p p l i c a t i o n  t o  a des ign  o r  o p e r a t i o n a l  p lanning  problem, t h e  use r  should  
submi t  a r e q u e s t  th rough a p p r o p r i a t e  MSFC c o n t r a c t i n g  o f f i c e  and HEAO 
t a s k  team channels  t o  t h e  Aerospace Environment D i v i s i o n  (S&E-AERO-Y) 
of t h e  Aero-Astrodynamics Labora tory .  
This  document w i l l  be  r e v i s e d  when warran ted  by new knowledge on t h e  
n a t u r a l  environment c r i t e r i a  o r  t h e  H M O  m i s s  i o n  d e f i n i t i o n .  
R. D. S t ewa i t  
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NATURAL ENVIRONMENT CRITERIA FOR THE 
NASA H I G H  ENERGY ASTRONOMY OBSERVATORY (HEAO) 
SUMMARY 
This  document provides  n a t u r a l  .environment c r i t e r i a  f o r  t h e  NASA 
HEAO Program w i t h  emphasis on t h e  1974-1978 t i m e  p e r i o d .  Informat ion  i n  
t h e  d i s c i p l i n a r y  a r e a s  of a tmospheric  and i o n o s p h e r i c  p r o p e r t i e s ,  r a d i a -  
t i o n ,  s o l a r  c y c l e  p r e d i c t i o n s ,  geomagnetic f i e l d ,  as t rodynamic c o n s t a n t s ,  
and meteoro ids  is  g iven  f o r  t h e  reg ion  of space t h a t  i s  w i t h i n  1000 km 
from t h e  e a r t h ' s  s u r f a c e .  Extensive u s e  has  been made of t h e  t e c h n i c a l  
c o n t r i b u t i o n s  and review comments f u r n i s h e d  by personnel  a t  t h e  Marsha l l  
Space F l i g h t  Center ,  t h e  Lewis Research Center ,  and o t h e r  N.4SA Centers  
and government agencies .  
I N  TROD UC T I ON 
The n a t u r a l  environment and p h y s i c a l  s t a n d a r d s  t o  b e  used f o r  t h e  
NASA High Energy Astronomy Observatory (HEAO) s t u d i e s  are  included i n  
t h i s  document. Two s u p p o r t i n g  documents have been publ ished:  "Ter- 
r e s t r i a l  Environment (Cl imat ic )  Cri ter ia  Guide l ines  f o r  Use i n  Space 
V e h i c l e  Development (1969 Revis ion)  , I 1  TM X-53572 (Second P r i n t i n g )  , 
March 15, 1970 and "Space Environment Cr i t e r i a  Guide l ines  f o r  Use i n  
S p a c e  Vehic le  Development (1969 Revis ion)  ,'I NASA TM X-53957 (Second 
E d i t i o n ) ,  August 2 6 ,  1970, p lus  addendums t o  t h e s e  documents. 
N a t u r a l  environment c o n d i t i o n s  enccuntered by s p a c e c r a f t  and launch  
v e h i c l e s  a r e  impor tan t  f a c t o r s  i n  s t u d i e s  r e l a t i v e  t o  d e s i g n ,  p r e - f l f g h t  
m i s s i o n  p lanning ,  engineer ing  performance, and s c i e n t i f i c  experiment  
d e s i g n  and e v a l u a t i o n .  This  document provides  such  c r i t e r i a  f o r  t h e  
NASA HEAO Program. 
The da ta  conta ined  i n  t h i s  document a r e  reviewed on a c o n t i n u i n g  
b a s i s  ,and r e v i s i o n s  o r  amendments w i l l  b e  publ i shed  as necessary .  
P r i n c i p a l  c o n t r i b u t o r s  t o  the v a r i o u s  s e c t i o n s  g i v e n  i n  t h i s  
r e p o r t  a r e  i d e n t i f i e d  by d i s c i p l i n a r y  a r e a  i n  r e f e r e n c e s  1-1 and 11-1. 
I. PRE-LAUNCH, LAUNCH AND INFLIGHT ENVIRONMENT 
Th i s  s e c t i o n  provides  n a t u r a l  environment  c r i t e r i a  t ha t  should  be  
used i n  s t u d i e s  r e l a t e d  t o  t h e  d e s i g n  and o p e r a t i o n  of  t h e  NASA High 
Energy Astronomy Observa tory  (HMO) d u r i n g  pre- launch ,  l aunch ,  and 
i n f l i g h t  phases.  Values of n a t u r a l  environment  parameters  n o t  s p e c i f i -  
c a l l y  def ined  below may b e  ob ta ined  from material  g i v e n  i n  r e f e r -  
ences 1-1 and 1 - 2 .  
1.1 Gas P r o p e r t i e s  
1.1.1 Nominal Gas P r o p e r t i e s  
The Cape Kennedy Reference  Atmosphere (CKRA) g i v e n  i n  Tab le  
14.10 of  r e f e r e n c e  1-1 should be  used as nominal c r i t e r i a  f o r  s u r f a c e -  
t o - o r b i t  t r a j e c t o r y  a n a l y s e s .  This a tmosphere  i s  a v a i l a b l e  from t h e  
MSFC Computation Labora to ry  as a s u b r o u t i n e  e n t i t l e d  "Computer Sub- 
r o u t i n e  PRA-63." 
1 . 1 . 2  Extreme Gas P r o p e r t i e s  
For  problems r e q u i r i n g  extremes of p r e s s u r e ,  t empera tu re ,  and 
d e n s i t y  versus  a l t i t u d e ,  t h e  c o e f f i c i e n t s  of v a r i a t i o n  (CV) from 
Table  14.8 of r e f e r e n c e  1-1 and t h e  mean v a l u e s  from Tab le  14.10 of 
r e f e r e n c e  1-1 should be  a p p l i e d  as fo l lows :  
Maximum Parameter  = CKRA 
Minimum Parameter  = CKRA 
These extreme envelopes (mean +3 s t a n d a r d  d e v i a t i o n s )  must be  used w i t h  
c a u t i o n .  For example, extreme v a l u e s  of  t empera tu re ,  p r e s s u r e ,  and 
d e n s i t y  a t  a g iven  a l t i t u d e  should  n o t  be  used s imul t aneous ly  ( s e e  para- 
g raph  1.1.4). I n  a d d i t i o n ,  t h e  extremes of one parameter canno t  e x i s t  
f o r  t h e  e n t i r e  p r o f i l e  a t  a g iven  t i m e .  However, i f  one i s  d e a l i n g  w i t h  
a tmospher ic  extremes of  p r e s s u r e ,  t empera ture ,  and d e n s i t y  independent  
o f  each o the r  a t  d i s c r e t e  a l t i t u d e s  and i f  t h a t  a n a l y s i s  does n o t  depend 
on atmospheric  c o n d i t i o n s  a t  o t h e r  a l t i t u d e  levels , then  t h e  extreme 
values der ived  from equa t ions  (1)  and ( 2 )  may b e  used. 
1.1.3 Extreme P r o f i l e s  of Gas P r o p e r t i e s  
For problems r e q u i r i n g  t h e  s t r u c t u r e  of a n  extreme d e n s i t y  ve r sus  
a l t i t u d e  p r o f i l e ,  s u c h  as i n  aerodynamic h e a t i n g  a n a l y s e s ,  t h e  h o t  and 
c o l d  atmospheres  g iven  i n  Table  1 4 . 9  of r e f e r e n c e  1-1 should  be  used.  
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1.1.4 Thermodynamic Q u a n t i t i e s  Associated w i t h  Extreme 
P r e s s u r e ,  Temperature and Densi ty  Values 
For 
Extreme Temperature 
- jfor pro'Die,,,s - - - - . - 2 - 2 - -  
L ~ ~ U L L L U ~  a knowledge of the two a tmospher ic  v a r i -  
a b l e s  t h a t  a r e  a s s o c i a t e d  w i t h  a t h i r d  extreme v a r i a b l e  a t  d i s c r e t e  
a l t i t u d e s ,  t h e  f u n c t i o n s  g iven  below may be used.  Values f o r  t h e  coe f -  
f i c i e n t s  of v a r i a t i o n  and c o r r e l a t i o n  c o e f f i c i e n t s  should be obta ined  
from Table  14.8 of r e f e r e n c e  1-1 and t h e  mean a tmospher ic  va lues  from 
Table  14.10 of r e f e r e n c e  1-1. 
For 
Extreme P r e s s u r e  
- 
Passoc .  
- 
a s s o c ,  
T 
- 
'ass oc . 
~ 
For 
Extreme Dens i ty  
Use + s i g n  when extreme parameter i s  maximum. 
Use - s i g n  when extreme parameter  is minimum. 
I n  t h e s e  e q u a t i o n s ,  "M" denotes  the  m u l t i p l i c a t i o n  f a c t o r  t o  g i v e  t h e  
d e s i r e d  d e v i a t i o n .  The va lues  of M f o r  t he  normal d i s t r i b u t i o n  and t h e  
a s s o c i a t e d  p e r c e n t i l e  l e v e l s  a r e  as fo l lows:  
- M P e r c e n t i l e  
mean -3  
mean -2 
mean -1 
mean +O 
mean +1 
mean +2 
mean +3 
s t a n d a r d  d e v i a t i o n s  
s t anda rd  d e v i a t i o n s  
s t a n d a r d  d e v i a t i o n s  
s t a n d a r d  d e v i a t i o n s  = median 
s t anda rd  d e v i a t i o n s  
s t a n d a r d  dev ia t ions  
s t a n d a r d  dev ia t ions  
0.135 
2.275 
15.866 
50.000 
84.134 
97.725 
99.865 
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1 . 2  Winds 
For launch and on-pad s t a y - t i m e  c a p a b i l i t y  of  t h e  H M O  p l u s  
launch  v e h i c l e  c o n f i g u r a t i o n ,  t h e  fo l lowing  ground and i n f l i g h t  wind 
va lues  s h a l l  be employed as d e s i r e d  g o a l s .  As soon as p r a c t i c a b l e ,  
t h e  c o n t r a c t o r  s h a l l  e s t a b l i s h  a p p l i c a b l e  ground and i n f l i g h t  wind 
o p e r a t i o n a l  c o n s t r a i n t s  f o r  t h e  HEAO/launch v e h i c l e  c o n f i g u r a t i o n .  
Risk  of exceedances f o r  t h e  expected o p e r a t i o n a l  modes may then  be  
d e t  ermined. 
1 . 2 . 1  Ground Winds 
To provide a r e a s o n a b l e  l aunch  and on-pad s t a y -  t i m e  c a p a b i l i t y  
f o r  t h e  HEAO plus launch  v e h i c l e ,  t h e  fo l lowing  ground wind speed v a l u e s  
from any azimuth should be used. For l aunch ,  t h e  5 p e r c e n t  r i s k  f o r  
t h e  w i n d i e s t  hour exposure  pe r iod  as g i v e n  i n  Tab le  5 .2 .13 of r e f e r -  
ence 1-1 should b e  used.  While the v e h i c l e  is f r e e - s t a n d i n g  on t h e  pad 
and i s  p ro tec t ed  by t h e  launch  pad s e r v i c e  s t r u c t u r e  ( i n c l u d i n g  p o s s i b l e  
s t r u c t u r a l  t i e  o f f  o r  dampers) ,  t h e  wind speed p r o f i l e  a s s o c i a t e d  w i t h  
t h e  expected on-pad exposure  t i m e  of  t h e  H M O  as g i v e n  i n  Tab le  5.2.16 
of r e f e r e n c e  1-1 should be  used.  This  peak wind speed p r o f i l e  s h a l l  b e  
used t o  c a l c u l a t e  v e h i c l e  on-pad base  o v e r t u r n i n g  moments and v o r t e x  
shedding  loads ,  C a l c u l a t i o n s  t o  e s t a b l i s h  t h e  launch  v e h i c l e  p lus  H W O  
ground wind c o n s t r a i n t s ,  based on t h e  e x i s t i n g  s t r u c t u r e  c a p a b i l i t i e s ,  
should b e  i n  accordance w i t h  t h e  peak wind speed p r o f i l e  shapes  as 
de f ined  i n  paragraph 5.2.5.2 of r e f e r e n c e  1-1 f o r  which a t a b u l a t e d  
l i s t i n g  as a f u n c t i o n  of  a r e f e r e n c e  h e i g h t  wind speed is  a v a i l a b l e  
upon r e q u e s t  to  t h e  MSFC Aerospace Environment D i v i s i o n  (S&E-AERO-Y) 
of t h e  Aero-Astrodynamics Labora tory .  
1 . 2 . 2  I n f l i g h t  Winds 
1 . 2 . 2 . 1  Rigid Body S t u d i e s  
The HEAO launch  v e h i c l e  i n f l i g h t  wind a n a l y s i s  should  be  con- 
ducted w i t h  r e s p e c t  t o  t h e  95 p e r c e n t i l e  d i r e c t i o n a l  wind speed envelope  
as g iven  i n  Tables 1-1, 1 - 2 ,  and 1-3. Veh ic l e  r e sponse  should  be  cal-  
c u l a t e d  f o r  a l l  f l i g h t  az imuths  a n t i c i p a t e d  f o r  t h e  launch  of t h e  HEAO. 
S i n c e  t h e  HEAO w i l l  b e  launched on ly  from Cape Kennedy, t h e  wind s h e a r s  
which should  be used w i t h  t h e  d i r e c t i o n a l  wind s p e e d  envelope  a r e  g iven  
i n  Tables  1-4 and 1-5. 
For c a l c u l a t i o n  invo lv ing  t h e  use  of a b i a s e d  t r a j e c t o r y ,  i f  
d e s i r e d  f o r  the enhancement of launch  p r o b a b i l i t y ,  d a t a  on mean wind 
s p e e d  p r o f i l e  a s  a f u n c t i o n  of launch  azimuth g i v e n  i n  r e f e r e n c e  1 - 2  
should  be  used. 
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A d e s i g n  d i s c r e t e  g u s t  va lue  sha l l  be  a s s o c i a t e d  w i t h  t h e  above 
s t e a d y - s t a t e  d e s i g n  wind speed and wind s h e a r s .  D i s c r e t e  g u s t s  a r e  
s p e c i f i e d  i n  an  a t t e m p t  t o  r e p r e s e n t ,  i n  a p h y s i c a l l y  r e a s o n a b l e  manner 
fsr eng tneer tng  s t i ~ d i ~ s ,  c h a r a c t e r i s t i c s  of small-scale motions a s soc -  
i a t ed  w i t h  v e r t i c a l  wind v e l o c i t y  p r o f i l e s .  Gust  s t r u c t u r e  is q u i t e  
complex. For use  i n  r i g i d  body v e h i c l e  d e s i g n  s t u d i e s ,  d i s c r e t e  g u s t s  
a r e  u s u a l l y  i d e a l i z e d  t o  f a c i l i t a t e  t h e i r  u se  because  of  t he i r  com- 
p l e x i t y .  Gusts  a re  a l s o  r e f e r r e d  t o  a s  embedded j e t s  o r  s i n g u l a r i t i e s  
i n  t h e  v e r t i c a l  p r o f i l e  of t h e  wind. By d e f i n i t i o n ,  a g u s t  i s  a wind 
speed i n  excess  of a de f ined  s t e a d y - s t a t e  v a l u e ;  t h e r e f o r e ,  g u s t s  a r e  
used i n  v e h i c l e  des ign  s t u d i e s  by superimposing them on t h e  s t eady-  
s t a t e  wind p r o f i l e s .  The d i s c r e t e  g u s t  t o  be  used i n  t h e  r i g i d  body 
d e s i g n  s t u d i e s  c o n s i s t s  of a one-minus-cosine shape  w i t h  a 9 m sec 
a m p l i t u d e  and a th i ckness  (depth)  o f  60 t o  300 me te r s  (see S e c t i o n  5.3.8, 
r e f e r e n c e  1-1) .  
To de termine  t h e  g u s t  t h i ckness ,  a s e r i e s  of g u s t s  w i l l  have 
t o  be  c a l c u l a t e d  w i t h  each g u s t  having a d i f f e r e n t  t h i c k n e s s .  
w i l l  t h e n  be  c a l c u l a t e d ,  and the des ign  v a l u e  of  t h e  g u s t  d e p t h  
w i l l  b e  determined by s e l e c t i n g  the one a s s o c i a t e d  w i t h  t h e  most 
adverse s i t u a t i o n .  
Loads 
I n  t h e  c o n s t r u c t i o n  o f  a s y n t h e t i c  wind speed p r o f i l e ,  t h e  
deg ree  of c o r r e l a t i o n  between t h e  w i n d  parameters  must be  taken  i n t o  
accoun t .  This  can  be accomplished by m u l t i p l y i n g  t h e  s h e a r s  (wind speed 
changes)  and t h e  one-minus-cosine d i s c r e t e  g u s t  by a f a c t o r  of  0.85 
b e f o r e  c o n s t r u c t i n g  the s y n t h e t i c  w i n d  p r o f i l e .  This  is  e q u i v a l e n t ,  as 
a n  eng inee r ing  approximat ion ,  t o  tak ing  t h e  combined 1 p e r c e n t  r i s k  
g u s t  and s h e a r  combinat ion r a t h e r  than t h e  s e p a r a t e  a d d i t i o n  of t h e  
1 p e r c e n t  r i s k  va lues  f o r  t h e  gus t s  and s h e a r s  i n  a p e r f e c t l y  c o r r e -  
l a t e d  manner. A s e r i e s  of s y n t h e t i c  wind speed p r o f i l e s  w i l l  have t o  
be  c o n s t r u c t e d ,  w i t h  each p r o f i l e  having a d i f f e r e n t  r e f e r e n c e  p o i n t  a t  
which t h e  d e s i g n  s h e a r  envelope i n t e r s e c t s  t h e  d e s i g n  wind speed pro- 
f i l e  envelope .  Loads w i l l  be c a l c u l a t e d ,  and t h e  d e s i g n  s y n t h e t i c  wind 
speed p r o f i l e  w i l l  be  determined by s e l e c t i n g  t h e  one a s s o c i a t e d  w i t h  
t h e  most a d v e r s e  loading  c o n d i t i o n s .  The s p e c i f i c  d e t a i l s  concern ing  
t h e  c o n s t r u c t i o n  of d e s i g n  s y n t h e t i c  wind speed p r o f i l e s  f o r  u se  i n  
t h e  H M O  d e s i g n  a re  g iven  i n  S e c t i o n  5.3.9 of r e f e r e n c e  1-1. 
The s y n t h e t i c  wind speed p r o f i l e  w i t h o u t  g u s t  w i l l  be  used f o r  
p r e l i m i n a r y  s t u d i e s  i f  a e r o e l a s t i c  da t a  a r e  n o t  a v a i l a b l e .  S t a t i c ,  
a e r o e l a s t i c ,  and b u f f e t i n g  loads  must a l s o  be  cons ide red .  
1 . 2 . 2 . 2  E las t ic  Body S t u d i e s  
The s y n t h e t i c  wind speed p r o f i l e  w i t h o u t  g u s t  can  be used i n  
e l a s t i c  body c a l c u l a t i o n s .  The loads r e s u l t i n g  from t h e  s y n t h e t i c  
wind p r o f i l e  can  be  c a l c u l a t e d  w i t h  a r i g i d  o r  e l a s t i c  body t r a j e c t o r y .  
S t a t i c ,  a e r o e l a s t i c  and b u f f e t i n g  l o a d s  must a l s o  be  cons ide red .  
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The power spec t rum t o  be  used i n  e l a s t i c  body s t u d i e s  i s  g i v e n  
by t h e  fo l lowing  express ion:  
6 8 3 . 4  (4000 k)1*62 
1 + 0.0067 (4000 k)4.05 
E(k) = 
where t h e  spec t rum E(k) is  de f ined  s o  tha t  i n t e g r a t i o n  over  t h e  domain 
0 5 k 5 co y i e l d s  t he  v a r i a n c e  of  t h e  t u r b u l e n c e .  I n  t h i s  equa t ion  E(k) 
i s  t h e  power spectral  d e n s i t y  (m2sec-2/(cycles  pe r  m e t e r ) )  a t  wave 
number k(meter’l) .  The a s s o c i a t e d  d e s i g n  t u r b u l e n c e  loads  a r e  ob ta ined  
by m u l t i p l y i n g  t h e  load s t a n d a r d  d e v i a t i o n s  by a f a c t o r  of t h r e e .  The 
loads  obta ined  from a p p l i c a t i o n  of t h i s  t u r b u l e n c e  power spec t rum should  
be  added t o  t h e  r i g i d  v e h i c l e  l oads  r e s u l t i n g  from t h e  use  of t h e  syn-  
t h e t i c  w i n d  speed p r o f i l e  (g iven  i n  paragraph  1 . 2 . 2 . 1 ) .  This  wind s h e a r /  
spec t rum combinat ion w i l l  r e s u l t  i n  a 1 p e r c e n t  r i s k  c o n d i t i o n  f o r  t h e  
e l a s t i c  v e h i c l e  s t u d i e s ,  when used w i t h  t h e  d e s i g n  s t e a d y - s t a t e  wind 
speed envelope values. 
1 .3  Add i t iona l  In fo rma t ion  
Environment c r i t e r i a  g u i d e l i n e  d a t a  on t h o s e  aspects of  t h e  
atmosphere ( s u r f a c e  t o  90 km a l t i t u d e )  n o t  s p e c i f i e d  i n  t h i s  s e c t i o n  
may be  obta ined  from r e f e r e n c e  1-1. I f  a d d i t i o n a l  c r i t e r i a  ( f o r  
example, s e l e c t i o n  of  d e t a i l e d  wind p r o f i l e s  f o r  f i n a l  v e r i f i c a t i o n  
a n a l y s i s  of v e h i c l e  r e sponse  c a p a b i l i t i e s )  a r e  needed f o r  a p a r t i c u l a r  
HEAO s t u d y ,  then  a r e q u e s t  should  be  made through t h e  a p p r o p r i a t e  NASA 
c o n t r a c t i n g  o f f i c e r ’ s  r e p r e s e n t a t i v e  t o  t h e  MSFC Aerospace Environment 
Div i s ion  ( S a - A E R O - Y )  of t h e  Aero-As t rodynamics Labora tory .  
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TABLE 1-1. Envelopes of I d e a l i z e d  Monthly Wind Component (Head, T a i l  , 
Right-Cross and Left-Cross)  Frequency D i s t r i b u t i o n s ,  f o r  
5 t o  6 Kilometers  A l t i t u d e ,  as a Funct ion  of F l i g h t  Azimuths, 
Cape Kennedy, F l o i i d a ,  Based on Wi.;'.d:',est EZnnthly Reference 
Period Concept [ I -31.  
Pe rcen t  il es  
Az imu th* 3 0% 5 0% 75% 90% 95%** 9 9% 
(meters / s econd ) 
0 1 2 6 10 14 22 
15 1 2 5 8 11 18 
30 1 2 4 7 9 15 
45 1 3 4 7 9 13 
60 1 3 5 7 9 1 2  
75 1 3 6 8 9 1 2  
90 1 3 6 8 9 1 2  
105 1 3 5 7 9 1 2  
120 1 2 4 6 8 1 2  
135 1 2 3 6 8 13  
150 1 2 3 6 9 15 
165 1 2 4 8 11 2 1  
180 2 5 8 16 2 2  35 
195 5 10  1 7  25 30 40 
210 7 1 2  20 28 34 46 
225 11 16 24 32 39 51 
240 14 19  27  36 42 53 
255 16 2 1  29 38 44 56 
2 70 16 2 1  29 38 44 56 
285 15 20 2 7  34 41 53 
300 14 19  26 34 40 48 
315 9 14 22 29 35 44 
330 5 10 1 7  24 29 35 
345 2 5 10 25 19 2 7  
360 1 2 6 10  14 22 
* 
D i r e c t i o n  from which wind component i s  blowing. 
Referenced c lockwise  from t r u e  nor th .  
Recommended f o r  HEAO/Launch Vehicle ana lyses .  
** 
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TABLE 1 - 2 .  
Az imu th" 
0 
15 
30 
45 
60 
75. 
90 
105 
120 
135 
150 
165 
180 
195 
210 
2 25 
240 
255 
270 
285 
300 
315 
330 
345 
360 
Envelopes of I d e a l i z e d  Monthly Wind Component (Head,  T a i l ,  
Right-Cross ,  and Lef t -Cross)  Frequency D i s t r i b u t i o n s  f o r  
10 t o  14 Ki lometers  A l t i t u d e ,  as a Funct ion  of F l i g h t  Azi- 
muths, Cape Kennedy, F l o r i d a ,  Based on Windies t  Monthly 
Reference Per iod  Concept [I-31. 
P e r c e n t i l e s  
3 0% 
2 
4 
4 
4 
4 
4 
0 
2 
2 
0 
0 
0 
1 
12 
1 7  
26 
34 
39 
4 1  
37 
31 
23 
15 
6 
2 
5 0% 
6 
7 
8 
8 
8 
7 
6 
4 
3 
1 
1 
1 
5 
20 
25 
33 
42 
46 
47 
44 
38 
31 
2 1  
11 
6 
75% 90% 
(meters / s econd) 
1 4  24 
1 2  19 
1 2  17  
1 3  18 
1 4  20 
12 18 
13 1 9  
10 17 
7 1 2  
5 1 0  
4 1 0  
4 1 3  
12 23 
30 40 
36 48 
47 57 
56 67 
57 68 
56 67 
5 3  65 
49 60 
40 5 1  
31 42 
2 1  33 
1 4  24 
95%"+< 
31 
25 
2 1  
2 2  
24 
2 1  
22 
2 1  
16 
15 
15 
2 2  
33 
50 
58 
66 
73 
75 
74 
73 
69 
59 
50 
41 
31 
9 9% 
40 
32 
2 8  
30 
30 
26 
26 
26 
26 
27 
30 
45 
54  
66 
76 
86 
93 
97 
95 
89 
79 
68 
60 
50 
40 
* 
D i r e c t i o n  from which wind component is  blowing. 
Referenced c l o c k w i s e  from t r u e  n o r t h .  
** 
Recommended f o r  HEAO/Launch Vehic le  a n a l y s e s .  
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TABLE 1-3. Envelopes of I d e a l i z e d  Monthly Wind Component (Head, T a i l ,  
Right-Cross and Left-Cross)  Frequency D i s t r i b u t i o n s  f o r  
18 t o 2  Kilometers  A l t i t u d e ,  as a Funct ion  of F l i g h t  
Azimuths, Cape Kennedy, F l o r i d a ,  Based on Windiest  i v i o i - i t h l j .  
Reference  Period Conc ep t [I- 3 ] . 
P e r c e n t i l e s  
t o  
I 
I 
I 
I 
Azimuth" 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
225 
240 
25 5 
2 85 
300 
315 
330 
345 
360 
3 0% 
1 
3 
5 
8 
1 0  
1 0  
10 
1 0  
7 
5 
2 
1 
1 
2 
5 
7 
8 
1 0  
10 
11 
9 
5 
2 
1 
5 0% 
2 
4 
6 
9 
11 
11 
1 2  
1 2  
9 
7 
4 
2 
2 
4 
7 
11 
13 
1 4  
1 4  
15 
12 
8 
4 
2 
75% 9 0% 
(meters / s  econd ) 
5 8 
6 8 
8 10 
11 13 
12 1 4  
13 15 
1 4  16 
12 15 
10 12 
9 I1 
6 8 
3 6 
5 9 
9 1 4  
1 2  1 7  
1 6  2 2  
18 25 
20 27 
19 24 
19 2 3  
1 7  20 
13 16 
8 10 
5 8 
* 
D i r e c t i o n  from which wind component is  blowing. 
Reference  c l o c k w i s e  from t r u e  nor th .  
** 
Recommended f o r  HEAO/Launch Vehicle  a n a l y s e s .  
95%** 
10 
9 
11 
14 
16 
1 7  
17 
1 7  
14 
1 2  
9 
8 
11 
18 
2 2  
26 
30 
3 2  
29  
27 
2 3  
19 
13 
10 
9 9% 
13 
13 
1 4  
16 
18 
19 
1 9  
18 
1 6  
1 4  
13 
1 4  
18 
24 
31 
36 
40  
42 
40  
34  
27 
22 
1 6  
13 
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11. EARTH ORBITAL ENVIRONMENT 
This  s e c t i o n  provides  n a t u r a l  environment c r i t e r i a  f o r  u se  i n  s t u d i e s  
r e l a t e d  t o  t h e  NASA High Energy Astronomy Observa tory  (HEAO) dur ing  e a r t h  
o r b i t a l  phases .  Values of n a t u r a l  environment parameters  n o t  s p e c i f i c a l l y  
d e f i n e d  below w i l l  b e  obta ined  from r e f e r e n c e  11-1. 
2 . 1  Atmospheric Gas P r o p e r t i e s  
2 . 1 . 1  Lower Thermosphere (90 t o  120 km A l t i t u d e )  
For nominal and extreme des ign  v a l u e s  of t h e  p r e s s u r e ,  t empera -  
t u r e ,  and d e n s i t y  i n  t h i s  a l t i t u d e  reg ion ,  t h e  v a l u e s  g iven  i n  para- 
g r a p h  2.2.1 of r e f e r e n c e  11-1 s h a l l  be used. 
2.1.2 Upper Thermosphere (120 t o  1000 km A l t i t u d e )  
2 . 1 . 2 . 1  Atmospheric Model f o r  O r b i t a l  A l t i t u d e s  
The MSFC Modified J a c c h i a  Model Atmosphere (1967) (11-1) should  
b e  used t o  p r e d i c t  t h e  gas  p r o p e r t i e s  of t h e  atmosphere between 120 and 
1000 km a l t i t u d e .  This  model should be used w i t h  t h e  nominal 10.7 c m  
s o l a r  f l u x  and geomagnetic index va lues  g i v e n  i n  Table  11-1 t o  o b t a i n  a 
p r e d i c t i o n  of t h e  nominal gas  p r o p e r t i e s  and w i t h  t h e  95 p e r c e n t i l e  s o l a r  
f l u x  and geomagnetic index  va lues  t o  o b t a i n  a n  upper l i m i t  f o r  t h e  gas  
p r o p e r t i e s .  The HEAO should b e  designed t o  o p e r a t e  s u c c e s s f u l l y  i n  t h e  
environment  def ined  by t h e  u p p e r  l i m i t  g a s  p r o p e r t i e s .  
2 .1 .3  S t r u c t u r e  and V a r i a b i l i t y  of t h e  Upper Atmosphere 
A d d i t i o x l  i n fo rma t ion  r e l a t i v e  t o  t h e  s t r u c t u r e  and v a r i a b i l i t y  
o f  t h e  atmosphere i s  g i v e n  i n  r e f e r e n c e s  11-2 and 11-3. 
2.2 Ionosphere  
I n  HEAO s t u d i e s  r e l a t i v e  t o  communication, t e l e m e t r y ,  e t c . ,  
t h e  e a r t h ' s  i onosphe r i c  p r o p e r t i e s  must  be cons ide red .  The c r i t e r i a  
tha t  should  be  used i n  t h e s e  s t u d i e s  a r e  g iven  i n  paragraph  2 . 3  of 
r e f e r e n c e  11-1. 
2.3 R a d i a t i o n  
The n a t u r a l  r a d i a t i o n  environment c o n s i s t s  of g a l a c t i c  cosmic 
r a d i a t i o n ,  geomagnet ica l ly  t rapped  r a d i a t i o n ,  and s o l a r  f l a r e  p a r t i c l e s .  
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This  environment may be de f ined  by e s t a b l i s h i n g  a d e s c r i p t i o n  of t h e  
p a r t i c l e  f l u x  a s  a f u n c t i o n  of energy,  s p e c i e s ,  and l o c a t i o n  ( t ime and 
s p a c e ) .  
The r a d i a t i o n  doses  t h a t  might r e s u l t  from man-made s o u r c e s ,  
such  as nuc lear  r e a c t o r s ,  a r e  n o t  cons ide red  t o  be  p a r t  of t h e  n a t u r a l  
environment and ,  t h e r e f o r e ,  a r e  no t  inc luded .  
2 .3 .1  Ga lac t i c  Cosmic Rad ia t ion  
C r i t e r i a  r e l a t i v e  t o  t h e  g a l a c t i c  cosmic r a d i a t i o n  t h a t  should 
be used i n  HEAO s t u d i e s  a r e  g iven  i n  paragraph  2.4.1 of r e f e r e n c e  11-1. 
2.3.2 Trapped Rad ia t ion  
C r i t e r i a  r e l a t i v e  t o  t h e  t rapped  r a d i a t i o n  t h a t  should be used 
i n  t h e  HEAO program a r e  g iven  i n  paragraph 2.4.2 of r e f e r e n c e  11-1. 
2 .3 .3  Solar  P a r t i c l e  Events 
Solar  p a r t i c l e  events  a r e  the  emiss ion  of charged p a r t i c l e s  
from d i s tu rbed  reg ions  on t h e  sun du r ing  s o l a r  f l a r e s .  They a r e  com- 
posed of e n e r g e t i c  protons and a l p h a  p a r t i c l e s  t h a t  occur  s p o r a d i c a l l y  
and l a s t  fo r  s e v e r a l  days.  
2.3.3.1 P a r t i c l e  Event Model 
The f r e e - s p a c e  p a r t i c l e  even t  model t o  be  used i n  HEAO s t u d i e s  
i s  g iven  below. 
7.25 x 10l1 T - l a 2 ;  1 Mev 5 T s 10 Mev 
10 Mev 5 T 5 30 MeV Protons  N (> T)  = 3.54 x 10l1 e - P ( T ) / 6 7 ;  
2 -64  1011 ; T 2 30 MeV. 
P 
The terms N p ( >  T) and Nu(> T) a r e  t h e  i n t e g r a l  f l u x e s  i n  u n i t s  of p ro tons /  
cm2 and alphas/cm2, r e s p e c t i v e l y .  T is  t h e  p a r t i c l e ' s  k i n e t i c  energy i n  
u n i t s  Mev and P(T) is t h e  p a r t i c l e ' s  magnet ic  r i g i d i t y  i n  u n i t s  mv g iven  
by 
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P(T) = - J T ( T  + 2m0c2) , Ze 
--I--,- W L L C L C  tL- L I C  q U Q L L L I L J  -..-- +;t.- 22 is t h e  =8gnttude of t h e  parttc?e's cbiargc in units 
of e l e c t r o n  cha rge ,  i . e . ,  Ze = 1 f o r  protons and Ze = 2 a lphas .  The 
r e s t  m a s s  energy fox t h e  p a r t i c l e  is g iven  by moC2, i . e . ,  moC2 = 938 Mev 
f o r  pro tons  and 3728 Mev f o r  a lpha  p a r t i c l e s .  
For synchronous o r b i t  a l t i t u d e s ,  t h e  f r ee - space  s o l a r  p a r t i c l e  
even t  model desc r ibed  above should be used.  For n e a r - e a r t h  o r b i t a l  a l t i -  
t u d e s ,  however, t h e  f r ee - space  even t  model m u s t  be modified t o  account  
f o r  t h e  f a c t  t h a t  t h e  e a r t h ' s  magnetic f i e l d  d e f l e c t s  some of t h e  low- 
energy p a r t i c l e s  t h a t  would e n t e r  t he  atmosphere a t  low l a t i t u d e s  t o  t h e  
po le s .  
S o l a r  p a r t i c l e  events  a r e  more l i k e l y  t o  occur  a t  t imes of t h e  
s o l a r  maximum than  a t  s o l a r  minimum. Cur ren t  p r e d i c t i o n s  i n d i c a t e d  t h a t  
t h e  nex t  two s o l a r  maximums w i l l  occur i n  1980 and 1991. The s o l a r  
p a r t i c l e  event  environment f o r  t h e  years  1983 through 1987, t h e r e f o r e ,  
s h a l l  be cons idered  t o  be one - t en th  the magnitude of t h e  model de f ined  
above. For t h e  yea r s  1977 through I982 and  1988 through 1995, t h e  
p a r t i c l e  environment s h a l l  be used a s  de f ined  above. 
2.3.3.2 Frequency of Occurrence 
I f  a Poisson  d i s t r i b u t i o n  i s  assumed t h e  p r o b a b i l i t y  of s e e i n g  
1 1  1 1  x p a r t i c l e  events  ( e q u i v a l e n t  t o  the one de f ined  i n  paragraph 2.3.3.1)  
i n  "T" weeks i s  g iven  by t h e  fo l lowing  expres s ion .  
- .01T X 
e )  (0.01T) P(x)  = ( 
X! 
This  expres s ion  may a l s o  be used  t o  determine t h e  number of p a r t i c l e  
events  (nominal and p lus- three-s igma)  t o  be expected du r ing  a s p e c i f i c  
exposure pe r iod .  These c a l c u l a t i o n s  have been made and a r e  p l o t t e d  
ve r sus  exposure t ime i n  t h e  f i g u r e  given below. Exposure t ime may be 
a crew member's s t a y - t i m e ,  a n  exper iment ' s  o p e r a t i o n a l  p e r i o d ,  e t c .  
The 95.0 p e r c e n t  p r o b a b i l i t y  va lues  g iven  i n  F i g u r e  11-1 should 
be used f o r  a l l  HEAO des ign  and o p e r a t i o n  s t u d i e s .  
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Figure  11-1. Expected Number of P a r t i c l e  Events ve r sus  
Mission Dura t ion  (90.0, 9 5 . 0 ,  and 99.9 P e r c e n t  P r o b a b i l i t i e s )  
2 .3 .4  Thermal and Albedo Rad ia t ion  
The c r i t e r i a  r e l a t i v e  t o  t h e  e a r t h ’ s  thermal  and a lbedo  rad ia-  
t i o n  as g iven  i n  paragraph 2.4 .5  of r e f e r e n c e  11-1 should be  used i n  a l l  
HEAO s t u d  i e s  . 
2 .3 .5  Radia t ion  P r o p e r t i e s  of t h e  Sun (Thermal) 
The c r i t e r i a  r e l a t i v e  t o  t h e  r a d i a t i o n  p r o p e r t i e s  of t h e  sun as 
g iven  i n  paragraph 1 . 3 . 3  of r e f e r e n c e  11-1 should  be  used  i n  a l l  HEAO 
s tud i e s  . 
2 . 4  Meteoroid Environment 
The meteoroid environment g iven  i n  paragraph  2 . 5  of r e f e r e n c e  
11-1 s h a l l  b e  used f o r  HEAO s t u d i e s .  
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The HEAO s t r u c t u r a l  des ign  s h a l l  p rov ide  f o r  a p r o b a b i l i t y  of 
0.90 of  no meteoro id  p e n e t r a t i o n  of v a l u a b l e  subsystems f o r  two y e a r s  
a f t e r  i n s e r t i o n  i n t o  o r b i t .  
2 . 5  GeQmagnetic Environment 
The geomagnetic environment g i v e n  i n  paragraph  2.6 of r e f e r -  
ence 11-1 should  be  used f o r  a l l  HFAO s t u d i e s .  
2 . 6  S o l a r  Cycle  P r e d i c t i o n s  
C u r r e n t  ana lyses  have shown t h a t  p r o p e r t i e s  of  t h e  n a t u r a l  
a tmospher ic  environment a r e  dependent upon s o l a r  a c t i v i t y .  A mathe- 
matical  d e s c r i p t i o n  of t h e  sunspot  p r e d i c t i o n  program c u r r e n t l y  i n  use  
a t  Marshall Space F l i g h t  Cen te r  is g i v e n  i n  r e f e r e n c e  11-1. 
An updated p r e d i c t i o n  of f u t u r e  s o l a r  a c t i v i t y  parameters i s  
i s s u e d  each month by MSFC. Table  11-1 c o n t a i n s  a n  example of such  a 
p r e d i c t i o n  based on t h e  da t a  a v a i l a b l e  i n  December 1970. To i n s u r e  
t h a t  the most c u r r e n t  d a t a  a re  used i n  H M O  s t u d i e s ,  c o p i e s  of t h e  most 
r e c e n t  update  w i l l  be  provided upon r e q u e s t  t o  MSFC, Aero-Astrodynamics 
Labora to ry ,  Aerospace Environment D i v i s i o n  (Sa-AERO-YS). 
2.7 A s  trodynamic Cons tan ts  
The astrodynamic c o n s t a n t s  g iven  i n  paragraph  2 . 7  of  r e f e r -  
ence  11-1 should  b e  used f o r  a l l  HEAO s t u d i e s .  This  paragraph  a l s o  
p rov ides  c r i t e r i a  r e l a t i v e  t o  the e a r t h ' s  g r a v i t a t i o n a l  p o t e n t i a l .  
TABLE 11-1. P r e d i c t i o n  of Sunspot Numbers, S o l a r  Flux and Geomagnetic 
Index (Using Data A v a i l a b l e  i n  December 1970).  
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